We study the dependence on tan β of the event kinematics of final states with e + e − /µ + µ − /e ± µ ∓ + E miss T + jets, as expected in pp collisions at CERN LHC, within the framework of the minimal supergravity model. With increase of tan β, the third generation sparticle masses mτ 1 and mb 1 decrease due to the increase of the tau and bottom Yukawa couplings. As a result, gluino, stop, sbottom, chargino and neutralino decays to third generation particles and sparticles are enhanced. With tan β rising, we observe a characteristic change in the shape of the dilepton mass spectra in e + e − /µ + µ − + E miss T + jets versus e ± µ ∓ + E miss T + jets final states, reflecting the presence of the decaysχ 0 2 →l
Introduction
There is general agreement that new particles predicted by supersymmetry (SUSY) have to be found at LHC, if the appealing conjecture of low energy supersymmetry is correct. Therefore, the discovery potential of LHC for SUSY particles has been studied extensively [1] .
Within the last years it became customary to study production and decay of SUSY particles in the context of the 'Minimal Supergravity Model' (mSUGRA) [2] . This model has only five parameters allowing one to study systematically the whole parameter space. The mSUGRA model is based on the minimal supersymmetric extension of the Standard Model (MSSM), which has the minimal possible content with two Higgs doublets (five physical Higgs bosons). The number of parameters of the MSSM is reduced by unification conditions at the GUT point and by making use of the renormalisation group equation (RGE) to calculate the parameters at the electro-weak scale. A further strong constraint of the parameters is given by the requirement of spontaneous electroweak symmetry breaking at this scale (radiative electroweak symmetry breaking). The parameters which remain are: m 0 , the common scalar mass at M GU T = 10 16 GeV, m 1/2 the unifying gaugino mass, A 0 the common trilinear term at M GU T , tan β = v 2 /v 1 (with v 1 (v 2 ) being the Higgs vacuum expectation value of the Higgs H 0 1 (H 0 2 )), and sign(µ), µ being the higgsino mass parameter. This model is incorporated in the Monte Carlo generator ISAJET [3] , which is used in our analysis.
A systematic study of all possible signals at LHC as a function of the mSUGRA parameter space was carried out in [4, 5] . In [6] we worked out a method to determine the model parameters m 0 and m 1/2 with fixed tan β from an analysis of the event kinematics of final states with two same-flavor opposite-sign+ E miss T +(jets), arising from the decays χ 1 , with ℓ = e, µ. Both in [4] and in [6] the value of tan β was taken to be ≤ 10. As, however, pointed out in [7, 8, 9] at large tan β (tan β > ∼ 10) the tau and bottom Yukawa coupling f b,τ = gm b,τ √ 2m W cos β may become comparable to the electroweak gauge coupling and even to the top Yukawa coupling f t = gmt √ 2m W sin β . As a consequence, gluino, stop, sbottom, chargino and neutralino decays into third generation particles and sparticles are enhanced when tan β is large [9, 10] . These features make the expected experimental signatures very different from those at low or moderate tan β.
Exploiting the fact that decays into τ 's are enhanced at large tan β, one can get information about the underlying model framework. With this aim, in [9, 10] the reconstruction of τ 's by their hadronic decays has been considered. In this paper we study the decaysχ
, where the τ 's decay leptonically leading to final states with two different-flavor opposite-sign leptons + E miss T + jets as a characteristic experimental signature.
In Sec. 2 we discuss the sparticle mass spectrum within mSUGRA. Section 3 is dedicated to a discussion of the production and leptonic decays ofχ 0 2 in the mSUGRA parameter space. In Sec. 4 we work out a method to constrain the parameter tan β by analysing the shape of the invariant mass distributions in two same-and different-flavor opposite-sign leptons + E In addition, one expects from the RG equations that due to the Yukawa interactions the soft SUSY breaking masses MQ ,L,Ũ,D,R of the 3rd generation sfermions are smaller than those of the 1st and 2nd generation. As in mSUGRA |µ| is quite generally large (|µ| > M) the parameter A f does not play a crucial rôle, especially for large tan β in the case ofb andτ . We therefore have taken A = 0 in this study.
Within the MSSM the masses of the charginos and neutralinos are determined by the parameters M = m 1/2 (M Z ), µ, tan β using
M 1 being the U(1) gaugino mass. In mSUGRA one has quite generally the following mass spectrum:
In this modelχ 
3 Production and leptonic decay ofχ 
These decays have been studied extensively for tan β < ∼ 10 in [12] . Squarks and gluino decays for tan β > ∼ 10 have been discussed first in [8] . The collider phenomenology with large tan β has been quite generally discussed in [7, 9] , including the chargino and neutralino decays. There are two features which play an important rôle at large tan β. First, as shown in section 2 the sbottomb 1 and stauτ 1 become lighter. Second, the Yukawa couplings of b and τ f b,τ = gm b,τ √ 2m W cos β increase with tan β. Both effects lead to a significant enhancement of sbottom and stop production and of decays of gluinos, stops, sbottoms, charginos and neutralinos into third generation particles and sparticles. In particular, the branching ratios of theχ 0 2 to (s)tau's are increasing for large tan β with respect to the corresponding decays into (s)electrons and (s)muons. In Fig. 1 we show the maximum possible branching ratio values (for m 0 < ∼ 500 GeV, m 1/2 < ∼ 900 GeV, µ < 0) of the following leptonic decays ofχ 
where ℓ = e and µ, and
In mSUGRA whenχ 0 2 decays into sleptons are kinematically allowed, the sleptons then decay directly into the LSP with B(l ± L,R →χ 0 1 ℓ ± ) = 100% and B(τ 1 → τχ 0 1 ) ∼ 100%. As can be seen in Fig. 1 , the branching ratio ofχ 0 2 →τ 1 τ can even become 100% for tan β ≥ 10, if this channel is the only two-body decay channel kinematically allowed. Furthermore, the branching ratio of the three-body decayχ µ ν τ with a branching ratio of 17.8% and 17.4%, respectively. Therefore, with tan β ≥ 10 the decays χ
1 give a contribution to final states with two leptons with opposite charge and the same flavor, whereas with tan β < ∼ 10 that contribution is negligible compared to that fromχ
1 with ℓ = e, µ. However, the distinctive feature of theχ 0 2 decays into τ 's is that they also lead to final states with two opposite sign but different flavor leptons.
In Fig. 2 we show for tan β = 10, µ > 0 in the (m 0 , m 1/2 ) plane contour lines for cross-section times branching ratios (σ × B) for production ofχ
, with ℓ = e and µ. As in the low tan β case we can again define three kinematical domains, determined by the masses ofχ 0 2 and the sleptons [6] , with the characteristic decays:
In domains I and II there is an additional source of two opposite-sign lepton final states from decays to tau's and stau's respectively, if tan β > ∼ 10. In domain III the decaysχ 0 2 →l R ℓ andχ 0 2 →τ 1 τ would be kinematically allowed. Asχ 0 2 is almost a W 3 -ino these decays are suppressed becauseτ 1 ≃τ R .
Moreover, comparing to the tan β = 2 case [6] , one can observe a significant decrease
1 decays. For tan β > ∼ 25 the domain forχ 0 2 →l L,R ℓ almost disappears due to the dominance of the decaysχ 0 2 →τ 1 τ , see Fig. 1 . This can be seen in Fig. 3 where we show the same as in Fig. 2 , but for tan β = 35. Here we have only two domains left which are:
Moreover, as one can see comparing Figs. 2 and 3, the upper theoretically excluded area is increasing with tan β. This is due to the fact that the stau lepton mass becomes lighter than that ofχ 0 1 with values of m 0 and m 1/2 decreasing. Another interesting feature appearing at large tan β is the enhanced yield of Z 0 . This is due to three factors: the larger production cross section forb 1b1 because of the smaller b 1 mass, the enhanced branching ratio ofb 1 →χ 1 is the only two-particle decay kinematically possible because the mass of h 0 is larger at large tan β.
4 Constraining tan β
Signatures
At low tan β, the decays ofχ 0 2 to (s)electrons and (s)muons, Eqs. (16)- (18), dominate over those into (s)tau's, Eqs. (19)- (20), leading to electron and muon pairs in the final states, see Fig. 1 . The favored signature to select the decay channels Eqs. (16)- (18) is given by two same-flavor opposite-sign leptons +E miss T + jets final states (SFOS). As is known from previous works [13, 14, 5] , the invariant mass distribution of the two leptons has a pronounced edge at the kinematical end-point. With increase of tan β the decays to third generation (s)particles (Eqs. (19)- (20)) are increasing. To select these decays we use the event topology of two different-flavor opposite-sign leptons +E 
Signal and background event simulation
The simulations are done at the particle level with parametrised detector responses based on detailed detector simulations. These parametrisations are adequate for the level of detector properties we want to investigate, and are the only practical ones in view of the multiplicity and complexity of the final state signal and background channels studied. The essential ingredients for the investigation of SUSY channels are the response to jets, E miss T , the lepton identification and isolation capabilities of the detector, and the capability to tag b-jets. The CMS detector simulation program CMSJET 3.2 [16] is used. It contains all significant detector response aspects, calorimeter acceptances and resolutions, granularity, main detector cracks and effects of magnetic field. For more details we refer to Ref. [6, 5] .
Standard Model background processes are generated with PYTHIA 5.7 [15] . We use CTEQ2L structure functions. The largest background is due to tt production, with both W 's decaying into leptons, or one of the leptons from a W decay and the other from the bdecay of the same t-quark. We also considered other Standard Model (SM) backgrounds: W + jets, WW, WZ, Z + jets, ZZ, bb and τ τ -pair production, with decays into electrons and muons. Chargino pair productionχ ± 1χ ∓ 1 is the largest SUSY background, but gives a small contribution compared to the signal.
4.3
The shape of the dilepton mass distribution in the mSUGRA parameter space
In this section we will analyse the shape of the invariant mass distribution of the two leptons ℓ = e, µ, coming from theχ 0 2 decays, Eqs. (16)- (20), considering SFOS and DFOS channels. To this purpose we have investigated the expected dilepton invariant mass distributions for different values of the parameters m 0 , m 1/2 , tan β, with µ > 0.
In Figs. 4(a)-4(d) we show the invariant mass distributions of the two leptons in the SFOS and DFOS channels at a point m 0 = 100 GeV, m 1/2 = 190 GeV, for tan β = 2, 10, 15, 25, respectively (µ > 0). The mass spectrum at this point is: mχ0
At this (m 0 , m 1/2 ) point, which belongs to domain II, the two-step decaysχ
1 are possible for tan β < ∼ 25, but the decaysχ
1 start to contribute significantly to the final states considered for tan β > ∼ 10. Thus, in Figs. 4(a)-4(d) one can observe a characteristic change of the dilepton mass shape in the SFOS and DFOS channels with increase of tan β, reflecting the appearance or disappearance of the corresponding decay modes.
For low tan β ( < ∼ 10), a pronounced edge is visible in the M ℓ + ℓ − distribution in the SFOS channel with the maximum at [14] :
while no characteristic structure in the M ℓ + ℓ ′ − spectrum is expected in the DFOS case, see Fig. 4 (a) for tan β = 2. In the DFOS case the difference in magnitude (but not in shape) between the M ℓ + ℓ ′ − spectrum predicted by the SM and that by mSUGRA is due to internal SUSY background, mainly due toχ + 1χ − 1 pair production from gluino/squark cascade decays. Fig. 4(b) is as Fig. 4(a) , but for tan β = 10. In comparison to the tan β = 2 case one can see a decrease of the statistics in both the SFOS and DFOS channels for the same integrated luminosity of 5 × 10 3 pb −1 . In both SFOS and DFOS final states, the event rates are by an order of magnitude larger than those according to SM expectations. Moreover, a pronounced deviation in the shape of the M ℓ + ℓ ′ − spectrum from the expected SM and SUSY background is observable in the low mass region. The corresponding M τ + τ − spectrum due to theχ 0 2 decays to stau's should have a maximum at:
The edge of the ditau spectrum is shifted from M max ℓ + ℓ − = 37 GeV to M max τ + τ − = 51 GeV due to the mass difference betweenl R andτ 1 , see Eqs. (21) and (22). But the spectrum of the DFOS channel proceeding through τ → ℓνν decays is not so pronounced as in the SFOS channel having no sharp edge due to the missing momentum taken by four neutrinos from τ decays. Therefore the ℓ + ℓ ′ − mass is distributed in the lower mass region, below the expected ditau kinematical end point. Thus, a distinctive feature of the M ℓ + ℓ ′ − spectrum is an enhancement in both shape and magnitude over background in the low mass range ("low-mass enhancement").
A further characteristic difference in the dilepton mass spectrum compared to tan β = 2 is the appearance of a Z 0 peak in the SFOS channel, which can clearly be seen in Fig.  4(b) . Here the Z 0 peak is due to the decaysχ
2 , as explained in Sec. 3. With further increase of tan β, due to the significant increase ofχ 0 2 decays into stau's and the corresponding decrease of decays into selectrons and smuons, we observe a deterioration of the sharpness of the edge also in the SFOS channel, see Fig. 4 (c) for tan β = 15. Another consequence of the change in the relative branching fractions of these decays is that the event rate difference between the SFOS and DFOS channels decreases. This effect is visible by comparing Figs. 4(b) and 4(c). Figure 4 (c) also exhibits a decrease of the relative event rate below the two peaks fromχ Fig. 4(d) , when the decays into stau's are the only decay modes contributing to the final states considered, the dilepton mass spectra in the SFOS and DFOS channels become similar with complete disappearance of sharp edges but a strong low-mass enhancement, and the corresponding event rates become comparable. The low-mass ℓ + ℓ − peak and the Z 0 peak are of the same magnitude. For comparison of the dilepton mass spectra at this (m 0 , m 1/2 ) point we used a common set of cuts for all values of tan β, requiring two hard isolated leptons with p 
GeV the mass difference betweenχ 0 2 and the sleptons is larger, and the neutrinos can have larger momentum. In this case the technique of reconstructing the kinematical end-point requires a more detailed study and is beyond the scope of this paper.
To illustrate the behaviour of the M ℓ + ℓ − and M ℓ + ℓ ′ − spectra at very large tan β, we show in Fig. 5 various (m 0 , m 1/2 ) points with tan β = 35. Figure 5(a) clearly exhibits the similarity of the dilepton mass spectra in the SFOS and DFOS channels with comparable event rates, as expected at large tan β fromχ 
Summary and Conclusions
In this paper we worked out a method to constrain the parameter tan β of the Minimal Supergravity Model in pp collisions at LHC. The characteristic features arising with increase of tan β are: 1) theχ 0 2 decay branching ratio into (s)taus is increasing, whereas the decay fraction into (s)electrons and (s)muons is decreasing;
2)χ 0 3 production and decays into Z 0 are enhanced.
The method is based on the analysis of the dilepton mass distributions in the simplest experimental signatures, e + e − /µ + µ − + E miss T + jets and e ± µ ∓ + E miss T + jets. These signatures select different leptonic decays of the neutralinos and hence are sensitive to the value of tan β. In particular, events with e + e − /µ + µ − + E miss T + jets final states mainly contain the decay products fromχ 0 2 decays to (s)electrons and (s)muons at low tan β and to leptonically decaying stau's at large tan β. Moreover, at large tan β, the channel e + e − /µ + µ − +E miss T +jets allows one to measure the Z 0 boson. At large tan β the topology with e ± µ ∓ + E miss T + jets selects tau's decaying leptonically. The dilepton mass distributions from the decays ofχ 0 2 to (s)electrons/(s)muons and to (s)tau's have different shapes. The decays to (s)electrons and (s)muons lead to a pronounced edge at the kinematical end point in the M ℓ + ℓ − spectrum, while the edge due to the decays into (s)tau's with tau's decaying into electrons and muons is smeared out because of missing momentum taken away by four neutrinos. The dilepton mass spectrum, however, has a pronounced low-mass enhancement, a peak below the kinematical end point. Therefore, the observation of a "low-mass enhancement" in shape and magnitude in the dilepton mass distribution is regarded as evidence for stau lepton production, particularly so in different flavor final states.
We have made use of the expected characteristic dilepton mass shapes and event rates for identifying the corresponding decays and thus for constraining the value of tan β. An important aspect of the method is that no particularly stringent demands on detector performance are required for identifying the tau's from the decays of neutralinos even at high luminosity. Essential is the ability to define and select isolated electrons and muons. Another important aspect of this method is that it may give information on tan β even with low integrated luminosity.
We have shown that:
• An edge in the M ℓ + ℓ − distribution is expected to be visible in the e + e − /µ + µ − + E miss T + jets channel for tan β < ∼ 25 in domain II (0.3m 1/2 < ∼ m 0 < ∼ 0.6m 1/2 ), and for tan β < ∼ 50 in domain I (m 0 > ∼ 0.6m 1/2 , m 1/2 < ∼ 250 GeV). The method to differentiate between two-and three-body decays ofχ 0 2 was discussed in Ref. [6] ; • In the dilepton mass spectrum a clear deviation in shape and magnitude from the SM and internal SUSY background is expected in e ± µ ∓ + E three-body decays is observed. The absence of a Z 0 peak will restrict tan β to be < ∼ 2. We have also analysed the relative event rate in the "low-mass peak" of the M ℓ + ℓ − spectrum and in the Z 0 peak. If both peaks are of the same size the value of tan β should be > ∼ 25. In the region 10 < ∼ tan β < ∼ 25, tan β can be determined more precisely by measuring the kinematical end points, M ) parameter plane [6] with good precision, we can constrain tan β by using the relative event rates
and
. Here N 1 is the number of events with Quite generally, the observation of a characteristic deviation in the dilepton mass shape from that predicted by the SM background can be considered an evidence for Physics Beyond the Standard Model, in particular SUSY [6] .
The maximum branching ratio of the decays: a)χ 
